Objective: Limited inter-person variability in nutrient intake hampers epidemiologic studies of diet ± disease relationships. Despite conjecture about non-traditional study bases providing large inter-person differences, virtually nothing is known about variations in nutrient intake outside of Europe and North America. The current study was conducted in India to determine sources of variability in the intakes of nutrients thought to be of public health importance. Design: Adult subjects in Gujarat (North India; n 60) and in Kerala (South India, n 60) were administered 24 h diet recall interviews six and eight times, respectively, over a 1 y period. To assess subject (inter-person) and residual (intra-person) contributions to variance, regression models were ®t to the data. From this, the variance ratio (VR, total within or intra-person: total between or inter-person) was computed. Setting: Rural communities in North and South India. Results: In both regions, inter-person variability was larger than that observed in the West. This was most pronounced in Gujarat, for which the VR was`1.0 for seven of the 12 energy-adjusted nutrient intakes in both men and women. In analyses of the combined data, region accounted for b 20% of variance for fat, iron, copper, zinc, b-carotene and ribo¯avin in both men and women. With the region term removed from this model, virtually all of the variability ascribed to region contributed to inter-person variability.
Introduction
Dietary assessments of individuals are usually carried out to: (1) compare the intakes of groups; (2) rank individuals; (3) assess an individual's usual intake; or (4) assess uctuations in dietary intake. Even in population surveys of dietary factors, if information other than the group mean is required, it is necessary to know how individuals' dietary intakes¯uctuate over time (eg day-to-day, seasonally). Large day-to-day variation in dietary intake will increase the overall size of the variance; the consequence of which is that higher-than-average values will tend to be overestimated and below average ones will tend to be underestimated. Thus, information on intra-person sources of variability is needed to adjust the distribution to re¯ect its true, more limited and more realistic, range. When working towards public policy goals such as decreasing the proportion of a population`at risk' of a nutrient de®ciency, ignoring this component of variation can lead to serious misapplication of resources. This is due to the fact that such variability will produce an inaccurate estimate of the proportion of a population above or below a certain cutoff point.
In studies of diet and health where the concern is focused primarily on ranking (eg for estimating relative risk using quartile categorizations) or establishing usual intake of individuals (eg for establishing the true nature of the dose ± response), it is essential that the dietary exposures of individuals be estimated as accurately as possible. This requires some knowledge of intra-person variability. Informed decisions regarding the design and successful implementation of virtually any dietary study of free-living (non-institutionalized) humans also would require information on the nature of variability in dietary intake. Despite the potential utility of this information, very little work (and virtually none outside of Europe and North America) has been done on identifying contributions to total variability in dietary intake in human populations.
Western countries, the United States in particular, are characterized by a large degree of food or dietary heterogeneity, even though there is relatively little nutrient variability (Hebert et al, 1995; Livingstone, 1994; Roering et al, 1986; Smiciklas-Wright et al, 1986; . In contrast, there tend to be many fewer foods, especially processed foods, in the marketplace in most Third World countries (Labadarios et al, 1996; Walker, 1995) , including India (Khader, 1997; National Institute of Nutrition, 1991 , 1993 .
Given the more limited food selections in the marketplace, there may be reason to believe that the diets of people living in such areas may have less day-to-day variability than the diets of people living in areas of greater diversity in the food market place. Besides differences in dietary intake due to socio-economic factors, it is well known that there are large regional and ethnic differences within India (Devadas Rajammal et al, 1996; Malhotra, 1967 Malhotra, , 1973 National Institute of Nutrition, 1991 , 1993 Rajyalakshmi & Geervani, 1994; Rao et al, 1994) . These include differences in the main staple cereal consumed, types of vegetables and fruits, and methods of preparation (Devadas Rajammal et al, 1996; Rajyalakshmi & Geervani, 1994; Rao et al, 1994) .
The purpose of this study is to examine sources of variability in intake of speci®c nutrients in groups of people living in two different parts of rural India: Bhavnagar district in Gujarat (North India) and Ernakulam district in Kerala (South India). These villages were in the broad study area of a large-scale epidemiologic study of oral cancer, as described elsewhere (Gupta et al, 1989) . Speci®c factors that are of interest include: day-of-the-week effects; sequence (ie the placement in the series of 24 h diet recall interviews from which the nutritional data were derived); season; region (for the combined analysis only); subject (ie inter-person) variability; and residual (ie intra-person) variability.
Methods

Field methods
In each of the two study regions, potential villages that did not form part of an earlier intervention study (Gupta et al, 1980) or on-going case-control studies (Gupta et al, 1998 (Gupta et al, , 1999 were identi®ed. Among these villages, 30 households were selected to represent the major religious ± economic classes. In each household, the male head of household and female food preparer were enrolled. To be eligible, the male had to be a tobacco user (because that was the target group for the epidemiologic study for which this was designed to be an external validation study) and both the male and female had to be free of health conditions entailing dietary restrictions, be compos mentis, and be available for interviewing for the entire year. The dietary data for this study were collected over a 1 y time period using eight 24 h diet recall interviews (24HR) in Kerala and six 24HR in Gujarat. All procedures related to the use of human subjects were approved by an institutional review panel specially authorized for this purpose.
The 24HR was an open-ended, prompted interview conducted by quali®ed research staff. The reference period for the 24HR was the day prior to the day of the interview. The interviews were administered on randomly selected days, but avoiding days immediately following important religious and social festivals and other celebrations. To account for variations in diet, intake days were selected to represent the three main seasons of the year and weekdays as well as weekends. Interviews were conducted so as to take the respondent through the recall process in direct chronological order from the ®rst food encounter of the day to the last. Information was collected on time and place of eating, name of the preparation, and the quantity of each item consumed. In most instances, the order of interviewing the male and female within a household was reversed with successive administrations of the 24HR.
Recipe information and data on food portion sizes were collected using methods described earlier (Hebert et al, 1998a (Hebert et al, , 1999b . Computation of nutrient scores was carried out using methods developed speci®cally for these populations, also described in earlier publications (Hebert et al, 1998a (Hebert et al, , 1999b .
Statistical methods
Descriptive analyses included examination of the data for obvious errors and non-normality for each speci®c analysis to which the data were subjected (ie for both region-speci®c and region-combined analyses). Any variable that had kurtosis 3 or skewness 7 was log transformed to achieve normality. The analytic method for this study was the analysis of variance (ANOVA). The dietary variables of interest include: total energy intake, total carbohydrate, total fat, dietary ®bre, iron, sodium, copper, zinc, calcium, ascorbic acid, b-carotene and ribo¯avin. Separate models were ®t with the nutrient scores derived from each day of 24HR as the dependent variable and the following variables ®t as categorical predictors: day-of-the-week; sequence; season; region; and subject (ie each person ®t as a unique ID number, which gives an indication of interperson variability). The residual mean square error in relation to these other factors gives an indication of intraperson variability. The analytic method is similar to that presented earlier by us (Hebert et al, 1998b) and is based on previous work by Beaton and colleagues (Beaton et al, 1979 (Beaton et al, , 1983 Tarasuk & Beaton, 1991) .
All models were ®t separately by gender and by study location and by combining the two locations. Separate ANOVAs were ®t for the raw nutrient values and for ones adjusted for total energy intake. Adjustment was made by expressing intake per 1000 kcaladay. For the analyses combining data from both regions, models were ®t both including and excluding`region'. All analyses were run in the microcomputer version of SAS using Proc MIXED to compute the sources of variance (SAS, 1999) . Each variable was ®t as a random effect.
Results
Summary statistics for men and women in the study populations in the two regions are shown in Table 1. In Table 2 are shown those results based on the raw data for Kerala. With the exception of carbohydrate in men, residual (intra-person) variability was larger than that due to subjects (inter-person). With a few exceptions (fat in men and fat, ascorbic acid, and ribo¯avin in women) energyVariability in dietary intake in rural India JR Hebert et al The distribution of b-carotene is non-normal for Kerala. The variance ratio is calculated as residual:subjects which is equivalent to the total variance within, or intra-person:to between, or interperson.
d This is the total standard deviation for the variable. Units are the same as those shown in Table 1 , energy is expressed as kcaladay.
Variability in dietary intake in rural India JR Hebert et al adjusted scores had larger variance ratios (VR; total within or intra-person:total between or inter-person) than did the raw nutrient scores (Table 3) . In contrast to Kerala, the unadjusted data from Gujarat showed smaller VRs (Table  4) , indicating larger inter-person variability. In men, interperson (subjects) variability was particularly large for all of the micronutrients, except ascorbic acid. In women, the results were similar, except there was apparently greater intra-person variability for carbohydrate, ®ber, and the micronutrients, especially calcium and ascorbic acid. In contrast to what was observed in the Kerala data, control for dietary energy generally did not attenuate inter-person (subjects) variance (Table 5 ). In the combined raw data, the VR generally was intermediate between the two regions (Table 6 ). In numerous instances, there was a large portion of variance attributable to region. This was even more pronounced in the energy-adjusted data (Table 7) . It is clear in comparing the two VRs (with and without region) that when the term for region was dropped from this model, virtually all of the variance was attributed to inter-person (subject) sources. Given the overall goal of this research, it is important to note that, within each region separately, we observed a somewhat larger overall standard deviation than typically observed in Western populations using standard FFQ methodology (Holmes et al, 1999; Patterson et al, 1999) . In the combined raw data, the standard deviations tended to be intermediate; ie higher than in Kerala but lower than in Gujarat. In the combined energy-adjusted data the standard deviations were generally higher than for either region separately. In the few instances where this (SAS, 1999) , with each named source of variability ®t as a random effect. Nutrients are derived from 8 days of 24 h diet recall interviews with each of the study participants, as described in the text. b The variance ratio is calculated as residual:subjects which is equivalent to the total variance within, or intra-person:between, or interperson. c This is the total standard deviation for the variable. Unitsa1000 kcaladay are the same as those shown in Table 1 . (SAS, 1999) , with each named source of variability ®t as a random effect. Nutrients are derived from 6 days of 24 h diet recall interviews with each of the study participants, as described in the text.
b
The variance ratio is calculated as residual:subjects which is equivalent to the total variance within, or intra-person:between, or inter-person.
c This is the total standard deviation for the variable. Units are the same as those shown in Table 1 , energy is expressed as kcaladay.
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was not the case, the value was close to the higher standard deviation observed in Gujarat.
Discussion
As noted earlier, the combined effects of the nutrient homogeneity of diets in the West (Hebert & Miller, 1988; and the relatively large error encountered in assessing diet (Beaton et al, 1979 (Beaton et al, , 1983 Hebert et al, 1990) would tend to obscure a true relationship between diet and disease. In the few studies conducted to identify the sources of variance in total dietary intake as obtained from 24HR, the major source of variance, especially for micronutrients, is due to error (ie the combination of true measurement error and random day-to-day variations in intake). It is clear that in the few instances where an accounting has been made of the various factors contributing to variance very little can be ascribed to other speci®c factors such as day-of-the-week or interviewer differences (Beaton et al, 1979 (Beaton et al, , 1983 Hebert et al, 1990 Hebert et al, , 1998b Hunt et al, 1983; Nelson et al, 1989; Sempos et al, 1985) . Nearly all data for studies of nutrition and health in humans are derived from some sort of dietary self-report. For a variety of reasons, these self-reports usually aim to establish a long-term average of past diet (Hebert & Miller, (SAS, 1999) , with each named source of variability ®t as a random effect. Nutrients are derived from 6 days of 24 h diet recall interviews with each of the study participants, as described in the text. b The variance ratio is calculated as residual:subjects which is equivalent to the total variance within, or intra-person:between, or inter-person.
c This is the total standard deviation for the variable. Unitsa1000 kcaladay are the same as those shown in Table 1 . (SAS, 1999) , with each named source of variability ®t as a random effect. Nutrients are derived from 6 and 8 days of 24 h diet recall interviews with each of the study participants in Gujarat and Kerala, respectively, as described in the text. b The variance ratio is calculated as residual:subjects which is equivalent to the total variance within, or intra-person:between, or inter-person. This second variance ratio is based on the model excluding`region' as a covariate. d This is the total standard deviation for the variable. Units are the same as those shown in Table 1 , energy is expressed as kcaladay.
Variability in dietary intake in rural India JR Hebert et al 1988; Margetts & Nelson, 1991; Willett, 1990) . Such reporting relies on the ability of individuals to recall and report on their dietary exposures during some time in the past. Although certain studies rely totally on record keeping or short-term recall (ie diet diaries or 24HR), they represent a small minority of the epidemiologic literature. As with most observational studies of diet and health, ones in India probably will require using some form of a structured assessment instrument such as a food frequency questionnaire. The ease with which individuals are able to provide a report of typical average intake using such an instrument would depend on the variety that exists in their dietary intakes. In a country such as the USA, characterized by a large degree of food heterogeneity Roering et al, 1986; Smiciklas-Wright et al, 1986; ) and large VRs (Beaton et al, 1979 (Beaton et al, , 1983 Hebert et al, 1998b; Hunt et al, 1983; Nelson et al, 1989; Sempos et al, 1985) , the task of reporting diet is (SAS, 1999) , with each named source of variability ®t as a random effect. Nutrients are derived from 6 and 8 days of 24 h diet recall interviews with each of the study participants in Gujarat and Kerala, respectively, as described in the text. The variance ratio is calculated as residual:subjects which is equivalent to the total variance within, or intra-person:between, or inter-person. c This second variance ratio is based on the model excluding`region' as a covariate.
d This is the total standard deviation for the variable. Unitsa1000 kcaladay are the same as those shown in Table 1 . Tables 6 and 7.   b Effects of day, sequence, and interviewer were included in the estimate of intra-subject variability. Data for energy, carbohydrate, and fat are from a 1979 publication (Beaton et al, 1979) , and micronutrient data are from a 1983 publication (Beaton et al, 1983) . Fibre data are based on crude ®bre.
c From Nelson et al (1989). d Includes values based on log transformation.
e From Hunt et al (1983) . f From Hebert et al (1998b) . Effects of treatment, method of assessment, and sequence were included in the estimate of intra-subject variability. g Sempos et al, (1985) .
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JR Hebert et al made more dif®cult because the individual needs to report an average representing a large degree of extraneous variability. Lower intra-person variability would be associated with improved ability to report diet. Additionally, a relatively larger contribution of variance from inter-person rather than from intra-person sources (relatively low VR) would help to ensure a larger signal (difference between individuals) to noise (variability within person, including measurement error) ratio. This ®rst report of sources of variability in daily nutrient intake data in an Asian population indicates that, in comparison to data from Western populations (Beaton et al, 1979 (Beaton et al, , 1983 Hebert et al, 1990 Hebert et al, , 1998b Nelson et al, 1989; Tarasuk & Beaton, 1991) , there was a larger proportion of inter-person variability evident in these data (see Table 8 ). Given the relatively large standard deviations observed in these data, it is clear that this is not simply due to less overall variability. This has important implications for future observational studies that would derive additional power from this unique characteristic. As noted in previous work conducted in the West (Beaton et al, 1979 (Beaton et al, , 1983 Hebert et al, 1990 Hebert et al, , 1998b , very little variance in these data can be ascribed to day-of-the-week or season. This indicates that shorter-term variations cannot be predicted by knowing the day of the week or season for which diet is measured. Of interest, this was true both in the South and the North, despite relatively dramatic climatic and cultural differences between the two regions. As with our previous work (Hebert et al, 1998b (Hebert et al, , 1997 , there was no effect of sequence, indicating that individuals were trained in this method of reporting very quickly. The fact that these individuals also did a good job of food size estimation (Hebert et al, 1999a) would tend to decrease overall error.
Despite a uniform lack of seasonal or day-of-the-week effects, there were large regional differences in the diets, as noted previously (Hebert et al, 1999b) . In general, Gujaratis consumed a diet much more similar to that consumed in the West, in terms of its fat content. However, the VRs were much lower than those seen in the West or in Kerala, indicating larger inter-person variability. Also, there was only a small drop off in inter-person variability of the energy-adjusted data as compared to that observed in data from the USA and Canada (Beaton et al, 1979 (Beaton et al, , 1983 Hebert et al, 1990; Tarasuk & Beaton, 1991) , indicating that intake of speci®c nutrients is less dependent on total energy intake in this population. The implication is that statistical control of total energy intake is less of an issue and that efforts aimed at dietary assessment may be targeted more at foods containing nutrients of special interest to studies of diet and health and not at total intake per se.
The relatively lower standard deviations and higher VRs in Kerala may re¯ect the unique socio-economic conditions prevalent there, including much higher literacy and more even distribution of material resources (Dasgupta, 1995; Franke & Chasin, 1992; Neff, 1994) . The high standard deviations in Gujarati males were attributable to consistently high intakes among four individuals. 24HR on none of the particular collection days were judged unreliable. Only one of these men had a total caloric intake (5311 kcaladay) above the conventional cut-off for the USA. Inclusion of the data from these men produced no problems with regression model diagnostics. Without some compelling reason to exclude these individuals, we presented the data from the entire group. Future work will be needed to assess if such high variability would normally be encountered in this population.
The large regional differences are re¯ected in the high proportion of variance ascribed to region for fat in the combined analyses (Tables 6 and 7) . For a number of methodologic reasons, each of the two epidemiologic studies to which the collection of these data were linked were analyzed separately (Gupta et al, 1998 (Gupta et al, , 1999 . Still, the issue of combining the data from the two regions (or, for that matter, combining data from any regions representing greater dietary heterogeneity than what would be observed within any single population) is enticing. The fact that regional differences would be expressed as increased inter-person variability (Tables 6 and 7) indicates that there is great potential for inter-regional studies. To the extent that there is a large difference in the dietary intakes of individuals, this works to the advantage of epidemiologic studies relying on such between (inter-) person differences to improve the`resolution' of statistical comparisons, thereby increasing the likelihood of detecting a true effect of diet (Hebert & Miller, 1988) . By combining such data, the nagging problem of nutritional homogeneity (Hebert & Miller, 1988; Willett, 1998; could be overcome. Such combining of data raises very important issues about control of background variables that may be correlated with diet that could affect the health-related outcome of interest. It is clear that there are regional differences that are not simply dietary in nature and that may have an effect on health. So, the challenge of such work would be to identify plausible potential confounders, to measure them carefully, and to control them appropriately in statistical analyses. This is similar in many ways to challenges faced in the Seven Countries Study (Keys, 1980) and often discussed in the context of meta-analyses of several epidemiologic studies and in the interpretation of results from ecological studies (Black, 1996; Greenland & Morgenstern, 1989; Morgenstern, 1982; Rothman & Greenland, 1998) .
